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13, ABSTRACT

It is shown that Weinstein and Whitmire in extending the Thomas precession
to an extended rotating disk have made implicit assumptions about integrability,
common disk times, and the disk proper frame which have not been justified,
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Thomas Precession and Extended Structures.

R. G. Newnunc

Atr Foree Cambridge Research Laboralories, L. G. Hangcom  Fjeld - Bedford, Mass.

(ticovuto il 22 Maggio:1972)

a

Cavarreni (!) has-commented on a recent-rerics of lotters (22) which-have appeared
in Narunk. Theso letters havo dealt witli Ehrenfest's paradox of therrelativistic rotating
disk. The Ietters of WeINsTEIN (?) and Warrsnge (*) hive brought the Thomns pre.
cession into the disenssion, Cavaruirr has diseussed their ideas -jn terms of the refn-
tivistio mechanies of clastic media. 1 should like to show that both WriNsTEIN dyl-
Wirrsine, in applying the Thomaa precession {o the extended disk, have made certind
implicit assumptions which should be examined more fully,

Now tho Thomas precession is desived by congidering the gronp properties of sug.
cessivo-<Lorentz transformations. T'wo succcssive Lorentz transformations which are
not co-parallel aré physically equivalent fo a single Lorentz Aransformation plus o
rotation, This is discussed quito fully -by Fungy (19), Monukr (') and JacksoN (%,
In essonce a point particle travels in a torque.free, cirenlar orbit and the relution be.
tweencthe inertial frame in which-tho narticle is instantancously nt rest and tho inertial
frame of an oxtornal obszrver.is examined, In all diseussions.of fhe Thomas. preces.
sion tho oxtension of the particle coneerned is completely negleeted,

Both WarinsTElN and Wirrsire have extrapolated the precession to an extended
disk, WEINSTEIN considers the preeession for an infinitesimal element of the disk and
then integrites over the-clement. To carry out this integration requires vory specifle
stntoments about time at every disk position. Each point of the disk i3 instanta.
neously at rest in a frame whicli moves with velovity » - Qr with_respeet to the lab,
oratory in which thoe disk rotates. Here £2:is the disk angular veloeity and r tho radial
distance from the centor. Therefore wo require an dnfinitude of nonparallel inertial
frames, ench mobing. with a different velocity v, with respect to thoe laboratory frame,

(") G, Oavareene: Lpll, Nuoro Clinenlo, 3, 608 (1972).
() H.o A, Anwater Nalure, 228, 272 (1970).

") M. A, ATWATER) Nalure, 230, 107 (1071),

() M. Suzuri: Nalure, 230, 13 (1071),

(") G, K. Mapsie Nalwre, 230, 197 (1871).

(" T W. Nooxan: Nalure, 230, 107 (1071),

M D, U, WENSTEING Nalure, 232, 548 (1071},

() W. H, McCreA: Nature, 234, 399 (1071).

) D. P, Wairestne: Nature, 235, 175 (1072).

() W, . Funiy: Amer, Journ, Phys., 23, 517 (10533),
() C. MoLuri; Theory of Relalivily, (Oxford, 1952), p. 118.
{19 J. D, JackdoN: Classical Eleclrodynamics, {Now -Yotk, 1967), p. 364,
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Each frame naturally has.its own time aud etch infinitesimal clement of the disk has
its own Thomas précessional velocity nd seen by-thy laboratory observer. W EINSTEIN
hns not demonstrafed the integrability of his eq. (l), umng,]l it, may indeed b6 walid,

Whitmire hus shown that extending the Thonas precession -to umcroscopm objeotr
can rosult in o pradox in which n incroscopie.disk eleinent is foteed to movein opposite
dircotions simultancouslys Whitmiro's paradox might be Jooked nd 08 arising from-our
simply not knowing how to-extend the Thomns precession to tho.entire disk.or dveii
to two cirewtlar regions of the samo size at the samo radinl position, In any. discussion
wo must romember that each point of the disk is: insldntxmmnml) ab rest-inca different
inoruul framo, Moreover, the pmhur frame of the disk ia noniner(ind, In -addition, it

should bo notedsthat. the precesaion is o kinematio nob o dyfansie cffect, o peint discus..

sed fn o recont peper (%) relating tha Thomas preessaion:te the relatisistio right-nagled
lover. When applicd to point particles, thie Thomas precossion.ia observed i the inertial
laboratory framo but not in the particle’s proper frafe, This.Suggests o -question ns
to the frame fn which the « Thomns shear slresses s fns Wiirsnnre has ealled them)
are {o bo observed. 1 it the inertinl laboratory:frémi-gr- the disk-proper frume or Loth?

Morcover;the-kinemate=nnture-of -the-precessLai weslie-ake the -physical*-origin of

suchs shoar stresses (it thoy oxist) moat. mysdoriuug, A8 tho paper of ref, () in.
dieates, the Thomus precession is completely foryue frep,

Wo do not kivow whother theso Thomas khont sixesses can-be set up in a-rolating
disk, At present this question can be answered oply by appeal to oxperitment, Until
pow tho Thomas precession hng been justified twr microscopie bodies only, namely
clementary particles such as the eleetron, and fs.i- viely kinematie in nature, The oxtra.
polation of this precession to oxtsnded strucforer without o discussion of common
disk time or the disk proper frame is, 1 féel, most. questionable,

(") R. O. Newuvnat dmer, Journ Phys,, 38, 1138 (1970%
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